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Developing a hydrogel culture system to promote satellite cell self-renewal 
Abstract: 
Adult skeletal muscle is maintained and repaired following damage by satellite cells (SCs).  SCs 
in culture differentiate quickly and lose the ability to incorporate into muscle, suggesting interactions 
between the niche and satellite cells are important for regulating SC fate. Polyethylene glycol (PEG) 
norbornene hydrogels were used to replicate both the stiffness and molecular composition of the native 
SC environment.  Initial cultures of SCs on PEG hydrogels yielded inconsistent results which we believed 
were caused by non-SC contamination influencing SC binding. To test this, I developed a new technique 
to isolate SCs using magnetic beads. Initial SC isolations from whole muscle yielded ~5000 cells per 
mouse. After I optimized this procedure, magnetic beads were capable of isolating ~40,000-100,000 SCs 
per mouse. When seeded onto uncoated PEG hydrogels, magnetically isolated SCs did not attach. When 
magnetically isolated SCs were seeded onto PEG hydrogels coated with extra-cellular matrix proteins, SC 
attachment efficiency was low and variable between experiments, suggesting other factors are necessary 
for SC adhesion in vivo. 
Introduction: 
Skeletal muscle consists of bundles of myofibers that produce the force necessary for obligatory 
functions such as motion, breathing, and eating (Tedesco et al., 2010). Myofibers are multinucleated and 
differentiated cells that contain sarcomeres. Sarcomeres consist of actin and myosin filaments which 
contract and create movement. Exercise, injury, and diseases such as muscular dystrophies and muscle 
wasting diseases can damage myofibers by sheering cell membranes, producing reactive oxygen species, 
and physically damaging sarcomeres. Terminally differentiated myofibers are unable to repair themselves 
or proliferate (Buckingham et al., 2003; Pownall et al., 2002). Instead, myofibers rely on adult muscle 
stem cells to repair and regenerate muscle throughout life (Murphy et al., 2011; Lepper et al., 2011; 
Günther et al., 2013). 
Satellite cells (SCs) were originally discovered in 1961 via electron microscopy (Mauro, 1961). 
Satellite cells were defined anatomically, being named due to their position between the sarcolemma 
(myofiber cell membrane) and basal lamina. Numerous other data have suggested satellite cells are adult 
muscle stem cells due to their ability to self-renew and create myogenic progeny (Collins et al., 2005; 
Murphy et al., 2011; Zammit et al., 2004; Olguin and Olwin, 2004; Yin et al., 2013). SCs are maintained 
in a quiescent state in their “satellite” position on myofibers (Figure 1). Quiescent, undifferentiated SC’s 
express the transcription factor Pax7. Upon myofiber damage, quiescent SCs activate, a process where 
SCs exit G0 and enter G1. Activated SCs maintain Pax7 expression and begin to express MyoD at low 
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levels. They divide ~36 hours post injury, 
producing one proliferative daughter cell 
and one daughter cell which self-renews 
(Troy et al., 2012). The proliferative 
daughter cell up-regulates the transcription 
factor MyoD while maintaining Pax7 
expression. Proliferating SCs are termed 
myoblasts. Myoblasts, upon commitment 
to differentiate, down-regulate Pax7 and 
MyoD while up-regulating MyoG (Boonen 
and Post, 2008). MyoG positive cells will 
eventually fuse into existing myofibers or 
create de novo myofibers to repair the 
myotrauma. The other daughter cell 
returns to quiescence via self-renewal and 
continues to express Pax7 (Olguin and 
Olwin, 2004; Zammit et al., 2004; Troy et 
al., 2012). 
The mechanisms regulating SC 
quiescence and activation are not well 
understood, but the niche likely plays a 
critical role in these processes (Cosgrove et al., 2009, Boonen et al., 2009, Boonen and Post., 2008). The 
SC niche is polar (Figure 2), consisting of juxtacrine signals from the myofiber on the apical surface 
(Tatsumi et al., 2006). The basal side of the SC is exposed to a variety of signals (Tatsumi et al., 2006), 
including various paracrine signals from other cell types, signals from the basal lamina, structural and 
signaling proteins from the extracellular matrix (ECM), and various polysaccharides and 
glycosaminoglycans.  
The SC niche is destroyed in current methods of culturing by removal of SCs from their native 
environment and culturing the cells on hard plastic (Tibbitt and Anseth, 2009). SCs growing on plastic 
culture dishes have one side of SCs exposed to hard plastic with a tension of ~1e6 kPa (tension of a 
myofiber is ~12 kPa) and the other side of SCs exposed to media, destroying the native niche with the 
exception of SC to SC paracrine signals or defined media reagents (Collinsworth et al., 2002). SCs grow 
Figure 1: Muscle stem cells within myogenesis.  Myotrauma 
(1) such as disease or injury causes SCs (shown in green) to 
activate and express Pax7 (2).  The first division following 
activation results in two distinct daughter cells (shown in green 
and orange).  The green daughter cell returns to quiescence via 
self-renewal (3) while the other daughter cell continues to 
proliferate and begins to express MyoD (4) while beginning to 
down regulate Pax7.  The orange cells, now called myoblasts, 
undergo terminal differentiation (5) and express MyoG (shown 
in pink).  Following differentiation, the cells either fuse with 
damaged myofibers (6a) or fuse together to create new 
myofibers (6b). 
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on plastic, but differentiate and lose their ability to engraft into muscle and repair myofibers, greatly 
limiting the potential 
for therapeutic use 
(Boonen et al., 2009).  
New culture 
methods, which 
mimic the niche, may 
improve SC 
“stemness” (the 
ability to produce 
multiple cell types 
and self-renew) 
thereby increasing 
their muscle-regenerating potential. Polyethylene glycol (PEG) hydrogels are webs of cross-linked 
hydrophilic polymer chains that create a porous, 3D environment (Figure 3). By modifying the 
concentration or structure of polymer chains, hydrogel elasticity and permeability can be fine-tuned 
(Kloxin et al., 2010). Small molecules and proteins native to the SC niche can occupy the area between 
the chains. The hydrogel system’s porous and customizable features allow for the study of individual 
niche components’ effects on SC behavior (DeForest and Anseth, 2012).  
The hydrogel system is versatile; SCs can be seeded on top of one hydrogel (2D) or encapsulated 
within two hydrogels (3D) (Figure 4C-E). The 2D system is similar to traditional plastic culture with 
several distinct differences. First, gel stiffness can be tailored to more closely mimic native muscle. 
Second, ECM components can be embedded within the gels (Figure 4C) or coated on the surface (Figure 
4D), allowing SCs access to 
proteins or signaling molecules 
native to the niche. In 3D 
culture, one hydrogel can mimic 
the stiffness and niche 
components of the basal lamina, 
while the other hydrogel can 
mimic the sarcolemma (Figure 
4E). We hypothesize SCs, with 
the proper combination of niche 
Figure 2: Anatomical location of SCs. Myofibers (pink) contain the contractile 
units necessary for motion. Quiescent SCs (blue) reside between the basal lamina 
(yellow) and myofiber cell membrane (black). SC quiescence is likely 
maintained by signals from the myofiber and basal lamina. Differentiated 
myonuclei (grey ovals) actively maintain and repair skeletal muscle. Myonuclei 
are terminally differentiated, so they cannot maintain their population without SC 
differentiation and fusion into myofibers.  
Figure 3: Hydrogel Polymerization with UV light. A.  Chemical structure 
of a 4-arm PEG norbornene monomer containing reactive ends. B. The 
reactive ends of 4-arm PEG norborene polymers (shown in red) 
covalently bond with one another and cross-link when mixed with MMP-
cleavable linking peptides (blue) in the presence of UV light. Cross-
linked polymers form a porous web. Pendent peptides containing motifs 
from ECM proteins (Green) can be covalently incorporated into the 
matrix.  Soluble niche components can be physically trapped within the 
gel web during polymerization. (Adapted from April Kloxin, Ben 
Fairbanks, and Cole DeForest) 
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components, can be expanded in hydrogel culture while maintaining their stemness (DeForest and 
Anseth, 2012). 
Background: 
SCs are required for skeletal muscle repair and regeneration. Ablation of SCs using the Cre-lox 
system results in loss of regeneration capacity (Günther et al., 2013; Murphy et al., 2011). Furthermore, 
transplantation of just 7-22 SCs maintained on intact fibers injected into irradiated muscles of 
immunodeficient dystrophic mice yielded over 100 new myofibers with ~25,000-35,000 differentiated 
myonuclei (Collins et al., 2005). Additionally, SCs on 5 intact myofibers transplanted into the Tibialis 
Anterior (TA) concurrent with injury increased host muscle size by 170% and mass by 50% when 
compared to uninjured controls (Hall et al., 2010). The size and strength of the transplanted-SC derived 
muscle persisted throughout the life of the mouse (Hall et al., 2010). 
Despite these promising results, injecting SC containing myofibers into every muscle of a 
potential patient is nearly impossible. A more practical idea would be injection of SCs into patients. 
However, SCs lose their ability to engraft into muscle in plastic culture and biopsies do not provide 
enough usable SCs without further expansion (Gilbert et al., 2010). The transplantation studies above 
suggest interactions between the myofiber and SCs might maintain their stemness. By creating a culture 
Figure 4: Mimicking the SC 
niche in culture.  A. In vivo, 
SCs live in a polar 
environment between the 
myofiber sarcolemma and the 
extracellular matrix (yellow) 
where cell-myofiber 
interactions drive SC fate 
determination and self-
renewal. B. In traditional 
culture, SCs attach to gelatin 
coated coverslips,  
forming a polar environment between the gelatin and the media. Expansion of the SC population in 
traditional culture causes the cells to lose their ability to engraft into muscle following transplantation. C. 2D 
laminin (or other ECM protein; shown in yellow) embedded hydrogels mimic the ECM environment through 
ECM protein availability. Hydrogel rigidity mimics the native myofiber rigidity. Various proteins or peptides 
can be embedded within the hydrogel, allowing for the study of individual niche components’ effects on SC 
self-renewal. D. Hydrogels coated in laminin create an environment with rigidity similar to native muscle 
while presenting laminin (or other ECM proteins) similar to traditional culture (B). E. 3D (laminin 
embedded) hydrogels allow for SC culture in a 3D, polar environment with one hydrogel mimicking the 
sarcolemma (dark blue) and one hydrogel mimicking the ECM (light blue). 
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system based upon mimicking the myofiber niche, SCs might expand and retain their ability to engraft 
into myofibers. The PEG hydrogel system, with precise tension controls and the ability to embed niche 
components, provides a unique model system to mimic the niche. 
Results: 
Initial hydrogel cultures: 
Our initial goal with SC hydrogel cultures was to determine the optimal density and soluble ECM 
proteins necessary for SC proliferation and stemness retention, as measured by Pax7 expression. To 
isolate SCs, percoll density gradients were used to separate different muscle cells based upon density. 
Following centrifugation, SCs (and other cells of a similar density) move to the interface between 40% 
and 70% percoll. To determine the optimal seeding density for Pax7 expression, percoll isolated SCs were 
seeded on hydrogels at several densities. In the first experiment, Pax7+ cells were more abundant at the 
highest seeding densities, 
where 1/8 of percoll-gradient 
isolated SCs from one pair of 
mouse hind limbs produced 
the greatest number of Pax7+ 
cells. Repeating the same 
experiment showed density 
did not effect Pax7 
expression, offering 
contradictory results. Further 
investigation on the effect of 
seeding density found middle 
densities (1/14 of percoll-
gradient isolated SCs) produced the most Pax7+ cells. In addition to cell density, ECM proteins native to 
the quiescent SC niche, laminin and fibronectin, were screened for their ability to promote SC adherence 
to hydrogels (Figure 5). The results from several experiments produced encouraging, but ultimately 
insignificant results due to the large variability between cultures. 
We hypothesized that the variability between cultures was mainly due to inconsistent numbers of 
non-myogenic cells influencing SC binding, self-renewal, and fate determination. To minimize the culture 
variability differences between experiments, we isolated SCs from several mice and pooled the cells. The 
combined SCs from multiple mice did not reduce variability in hydrogel culture. 
Figure 5: 2D Hydrogel cultures have high variability. ECM proteins native to 
the SC niche were screened for their ability to bind SCs. Six-day cultures of 
SC  on laminin or fibronectin-embedded 6 wt% PEG norbornene hydrogels 
showed that variability between cultures outweighed any effect of ECM 
proteins on SC attachment. 
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If non-myogenic cells are disrupting attachment of SCs to hydrogels, removal of non-myogenic 
cells might increase binding efficiency. To improve SC purity, SCs were isolated via preplating instead of 
percoll-density gradient isolation. In preplating, digested muscle is plated onto uncoated plastic culture 
dishes. Within three hours, most fibroblasts and other non-myogenic cell types adhere to the plate while 
SCs stay in the supernatant. When preplated SCs were seeded onto hydrogels, variability from culture to 
culture remained. Neither preplating or percoll yielded a pure population of SCs, leaving questions 
regarding contamination from other cell types open. To test the hypothesis that contaminating non-
myogenic cells affect variability, a truly pure population of SCs was needed. 
Isolation of pure SCs: 
Several methods exist to isolate pure SCs from hind limb muscles.  Two techniques involve 
sorting the cells based on expression of syndecan 4 (Sdc4).  Sdc4 is a transmembrane heparan sulfate 
proteoglycan expressed by all SCs and has been successfully used to sort SCs (Cornelison et al., 2001; 
Tanaka et al., 2009). The first isolation method, fluorescent-activated cell sorting (FACS) of SDC4+ SCs, 
has several problems that make the technique unattractive. Firstly, FACS of Sdc4+ SCs was unreliable 
during our initial trials (Figure 6).  Furthermore, the forces applied to the cells during FACS may have 
deleterious effects on SCs. 
 
The second option, magnetically isolating Sdc4+ SCs, presented a more viable option to obtain a 
pure SC population.  Several methods exist for isolating cells via magnetic sorting.  The two most 
common methods, MACS and Dynabeads (Invitrogen), have different properties which make the choice 
Figure 6: Sorting Sdc4+ cells from hind 
limb muscle.  A. Initial FACS using an old 
Sdc4 antibody previously made in the lab 
was incapable of isolating a distinct Sdc4+ 
population.  This antibody was being used 
during my initial endeavors into bead 
sorting.  B. A new Sdc4 antibody 
developed in the lab showed improvement 
over the old Sdc4 antibody.  The new Sdc4 
antibody produced a distinct population of 
Sdc4+ cells which accounted for ~44% of 
the events sorted.  Both A and B show 
100K events per panel. 
7 
 
between the two options critical (Safarík and Safaríková, 1995).  MACS isolation utilizes small beads 
which have little magnetic strength until applied to a magnetized column, where cells coupled to beads 
adhere to a magnet and the negative selection passes through the column.  While this method has been 
used extensively for isolating cell populations, previous attempts within the lab failed because the SC 
prep contained too much debris and clogged the columns.  Dynabeads, available in a variety of sizes to 
isolate proteins or cells, are larger and require no columns, which run the risk of getting clogged. 
Therefore, Dynabeads provided a more attractive option.  
A protocol to isolate SCs via Dynabeads was designed based upon previous Sdc4 mediated 
FACS. Briefly, large magnetic Dynabeads, coupled with Sdc4, were incubated with digested and filtered 
whole muscle. Sdc4+ SCs 
bound to magnetic beads 
formed a lattice upon 
magnetization (Figure 7), 
allowing non-myogenic Sdc4- 
cells to be removed. Recovery 
of Sdc4+ SCs can be 
accomplished by a brief trypsin 
treatment, releasing the 
magnetic beads. Upon 
magnetization, SCs can be 
collected while the beads 
remain. 
Selection of the 
appropriate Dynabeads was 
made more difficult because 
the three available Sdc4 
antibodies made were produced 
in chicken and Dynabeads only 
come pre-conjugated to anti-
mouse Fc or anti-rabbit Fc antibodies. For this reason, beads which allowed for direct conjugation of 
avian antibodies were required. M-450 tosylactivated beads from Invitrogen would allow us to directly 
conjugate the gallus antibody to beads large enough to purify cells. 
Figure 7: Magnetic bead isolation of Sdc4+ SCs. A. M-450 Dynabeads are 
coupled to the chicken anti-Sdc4 antibody through a conjugation reaction.  
B.  Sdc4-coupled beads are exposed to BSA and horse serum to block any 
remaining tosyl groups. C. Sdc4-coupled Dynabeads are incubated with 
cells from digested whole muscle. Anti-Sdc4 antibodies on the beads bind 
Sdc4 on SCs, creating a lattice of connected cells and Dynabeads.  SC-
Dynabeads are isolated via magnet interactions and washed several times.  
D. The SC-Dynabead lattice is broken via light trypsin treatment and 
pipetting. Upon magnetization, a pure population of SCs remains in the 
supernatant. 
8 
 
Coupling Sdc4 to magnetic Dynabeads: 
M450 tosylactivated Dynabeads were coupled with an anti-Sdc4 antibody via incubation at a pH 
of 8.5. During this incubation, tosyl groups are replaced by antibodies via an SN2 reaction, leaving Sdc4 
covalently coupled to the Dynabeads for downstream use. 
Isolating SCs from digested whole muscle:  
Initial magnetic bead sorts done according to the protocol from Invitrogen yielded a pure but 
small population of SCs (Figure 8 and Table 1) (Invitrogen). While we obtained a pure population of SCs, 
the yield was too low for seeding SCs on hydrogels. To improve the yield of SCs, several modifications 
were made to the protocol.  
First, we suspected that Dynabeads may not be binding to SCs due to insufficient Sdc4 antibody 
on the Dynabeads. Increasing the amount of antibody coupled to beads increased yield from ~5000 SCs 
per mouse to ~20,000 SCs per mouse. Upon fluorescent imaging of Dynabeads post trypsin treatment, we 
discovered that not all SCs dissociated from the Dynabeads. Increasing the trypsin treatment time 
increased SC yield to ~30,000. To further increase SC yield, we increased the number of Dynabeads used 
per incubation and increased the bead-cell incubation time from 20 minutes to 45 minutes. Increasing the 
bead-cell incubation and increasing the number of beads per incubation increased SC yield to ~40,000-
100,000 SCs per mouse (Table 1). Following optimization, Sdc4+ magnetic bead isolations yielded pure 
SCs in numbers comparable to our previous FACS attempts (Figure 6 and Table 1). Immunofluorescence 
analysis of Dynabead-isolated SCs showed that isolated cells were 100% myogenic as measured by Sdc4, 
Pax7, and MyoD expression (Figure 8).  
Table 1: Initial attempts to sort SCs using Sdc4 coupled Dynabeads yield 0-5000 cells per mouse. 
By increasing the Sdc4 : bead ratio, increasing the trypsin treatment time, increasing the bead to 
cell : ratio, and increasing the bead-cell incubation time, final yields were increased to 40,000 – 
100,000 cells per mouse. 
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Seeding magnetically sorted SCs on hydrogels: 
When magnetically sorted SCs were seeded onto 6 wt% 4-arm PEG norbornene hydrogels with 
embedded laminin, no cells attached to the hydrogels in several attempted experiments.  However, the 
isolated cells were able to bind gelatin coated coverslips. This result led us to hypothesize that SCs may 
lack the ability to bind hydrogels and instead bind other factors, including non-myogenic cells or 
embedded matrix proteins, which might act as a bridge to facilitate binding.   
To address the hypothesis that SCs lack the ability to bind hydrogels with embedded laminin, the 
gel composition was altered such that matrix proteins coated the hydrogel (Figure 3D) instead of being 
embedded (Figure 3C).  As shown in Figure 4, previous gels were made with embedded matrix proteins 
(Figure 4C). 6 wt% 4-arm PEG norbornene hydrogels were treated with a photoinitiator (a compound that 
decomposes into free radicals which catalyze disulfide bond formation upon addition of UV light) and 
coated with either laminin, collagen, or gelatin in the presence of UV light (Anseth Lab).  This 
arrangement mimics the coated coverslips used in traditional culture, but retains the relative stiffness 
associated with the hydrogel. Magnetically isolated SCs were seeded onto hydrogels either uncoated or 
coated with laminin, collagen, or gelatin (Figure 9 and Tables 2 and 3). Separately, mouse muscle 
fibroblasts were also seeded onto the coated or uncoated gels as a control for binding (Tables 4 and 5). 
Coating hydrogels enhanced SC binding, though attachment efficiency was still low when compared to 
coverslip cultures (Tables 2 and 3). Fibroblasts attached to the hydrogels more efficiently than the SCs 
but the number of cells attached was low. Gelatin and collagen coated hydrogels and coverslips seemed to 
have less variability than laminin coated coverslips, but overall variability between experiments was high.  
DAPI 
Sdc4 
Figure 8:  Magnetic Isolation results in pure populations of SCs.  Sample 
images showing SCs isolated from hind limb muscle staining Sdc4+.  
Following optimization, between 40,000-100,000 SCs can be isolated from 
a single mouse.   
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Discussion:  
Initial uncoated hydrogel cultures showed immense variability between experiments. We 
hypothesized hydrogel variability was the result of inconsistent non-myogenic contamination, which 
created binding pockets for SC attachment. To determine if our inconsistent results were the result of non-
myogenic contamination, I developed a new method for isolating a pure population of SCs using Sdc4-
coupled M450 Dynabeads. SCs seeded onto laminin-embedded PEG hydrogels did not attach. Seeding 
magnetically isolated SCs onto ECM protein-coated hydrogels improved attachment, but results still 
varied between experiments. 
Figure 9: A. M450 Dynabead-isolated SCs were seeded on ECM protein coated 6 wt% PEG norbornene 
hydrogels and coverslips for 3 days. SCs seeded onto coverslips were  more plentiful than SCs cultured on 
hydrogels, except for the uncoated conditions. Over all, there were more SCs on gelatin coated hydrogels and 
coverslips than other conditions, but variability between trials remains high with coated gels. B. Mouse 
fibroblasts were seeded as SCS were seeded in A. Like SCS, fibroblasts were more plentiful when cultured on 
coverslips than on hydrogels. Interestingly, variability between hydrogel cultures was great for fibroblasts, 
which were presumed to easily attach to surfaces. 
A B 
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Initial isolations of SCs with magnetic Dynabeads using the procedure from Invitrogen were able 
to isolate ~5000 SCs per mouse. While the cells isolated seemed 100% myogenic based on Sdc4, Pax7, 
and MyoD expression, Dynabeads did not yield enough SCs for culture. Increasing the trypsin treatment 
time increased SC yield by increasing separation of beads and cells. Increasing the amount of antibodies 
coupled to beads, increasing the number of beads per mouse, and increasing the cell-bead incubation time 
Tables 2 - 5: 2. M450 
Dynabead-isolated SCs were 
seeded on ECM protein coated 
6 wt% PEG norbornene 
hydrogels and cultured for 3 
days. Variability between 
experiments prevented any 
trends between ECM proteins 
and retention of stemness from 
being uncovered. 3. SCs 
attached better to coated 
coverslips than to coated 
hydrogels. 4 and 5. Like SCs, 
Fibroblasts attached better to 
coated coverslips than to 
hydrogels.  
Table 2: MSCs on hydrogels 
4 5 
Table 3: MSCs on coverslips 
Table : Fibroblasts on hydrogels Table 5: Fibroblasts on coverslips 
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increased yield by increasing cell to bead binding. After optimization, Sdc4 coupled Dynabeads were able 
to isolate 40,000 – 100,000 SCs per mouse (Table 1). Prior to functional magnetic bead isolation, FACS, 
a difficult and time consuming procedure that stresses cells, was the only protocol that was able to isolate 
SCs based on Sdc4 expression. Now, Dynabeads can isolate SCs via magnetic sorting, a gentle technique 
that requires little training and others in the field will be able to easily and effectively isolate large 
quantities of SCs.   
Magnetically isolated SCs were unable to attach to uncoated PEG hydrogels. While coating 
hydrogels with ECM proteins improved SC adhesion to hydrogels, SC attachment efficiency on ECM 
protein-coated PEG hydrogels was still low compared to SC attachment efficiency on coated coverslips 
(Figure 9 and Tables 2 and 3). Because the only known difference between 2D coated hydrogel culture 
and 2D plastic culture is stiffness, one possible explanation for these data is that SCs bind more easily to 
hard surfaces. This is contrary to our hypothesis where we thought that because the stiffness of our 
hydrogels mimics that of myofibers, hydrogels should promote SC attachment and survival. Because the 
fibroblast attachment on hydrogels was also depressed compared to coverslip attachment (Figure 9 and 
Tables 4 and 5), the inefficient hydrogel binding may not be a problem specific to SCs interacting with 
hydrogels, but rather a muscle-cell specific problem with attachment. Another possible reason that SCs 
did not attach well to coated hydrogels is that ECM proteins did not coat hydrogels uniformly and so SCs 
had little matrix to adhere to. 
Magnetic Sdc4-coupled Dynabead isolation yielded a pure population of SCs (Figure 8) however, 
coverslip and PEG hydrogel cultures contained cells negative for myogenic markers (Figure 9 and Tables 
2 and 3). Because our earlier cultures of magnetically sorted SCs were 100% myogenic, cells negative for 
myogenic markers are most likely myogenic, either expressing Sdc4, Pax7, or MyoD at levels 
undetectable by immunofluorescence or are terminally differentiated myogenic progeny expressing 
MyoG. Future experiments will examine MyoG expression. Alternatively, cells negative for myogenic 
markers might be muscle endothelial cells, which also express Sdc4. Our culture conditions should not 
promote endothelial cell survival, but some endothelial cells still might survive (Olwin lab, unpublished 
data). 
Collagen coated hydrogels yielded reproducible results. Unfortunately, isolating a pure 
population of SCs failed to reduce variability between hydrogel cultures for laminin and gelatin coated 
hydrogels, indicating that non-myogenic contamination is not solely responsible for variation between 
experiments. Other sources of variation might include intrinsic hydrogel differences, unequal cell seeding, 
and SC heterogeneity. Because hydrogels are prepared from the same synthetic monomers, variation 
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between hydrogels should be minimal. Cells were resuspended via pipetting before every seeding, making 
unequal initial cell numbers between conditions unlikely. SCs may be a heterogeneous population 
(Collins et al., 2005) and hydrogel culture may select for specific subpopulations of SCs. Still, if this were 
the case, we would expect hydrogels to select for the same subpopulation of SCs in every experiment. 
The most likely way that differences in SC subpopulations could account for the variability is if the 
mouse population had a large variation in the relative numbers of different types of SCs. This explanation 
is unlikely, however, given that our mice have little genetic diversity.  
Future Directions: 
Collagen coated hydrogels might alleviate variability seen in other hydrogel cultures. With 
consistent hydrogel cultures across experiments and a reliable source of magnetically sorted SCs, the 
effects of other muscle cell types, various ECM proteins, macromolecules, growth factors, and hydrogel 
stiffness can be explored. By exploring these native factors, particularly other cell types, SC attachment to 
hydrogels may be improved. By increasing binding efficiency and understanding the effects of SC niche 
components, hydrogels will encourage SC proliferation and self-renewal to yield a large population of 
undifferentiated SCs capable of repairing host muscle. The final proof of concept for hydrogel-cultured 
SCs as a therapeutic would be to inject cultured SCs into host muscle, to see if they are capable of 
repairing injured or diseased host muscle tissue. 
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Methods: 
Mice: 
Mice were housed in a pathogen-free facility and the Institutional Animal Care and Use  
Committee at the University of Colorado approved all procedures and protocols. Wild type mice were 
B6D2F1 (The Jackson Laboratory) between 3 and 5 months of age. 
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SC separation from whole muscle:  
Muscle from C57BL/6 mouse hind limbs was dissected, then physically and enzymatically 
digested with scissors and collagenase respectively. Digested muscle was then passed through 100, 70, 
and 40 μm filters and pelleted via centrifugation to remove extraneous material. Red blood cells were 
removed using red blood cell lysis buffer, quenched with PBS, and pelleted by via centrifugation The 
remaining pellet was resuspended in either 0.2M EDTA + 0.1% HS in Calcium/Magnesium-free PBS (for 
magnetic bead sorting) or F12C media + 15% horse serum (for preplating). 
Magnetic bead sorting: 
Magnetic bead coupling: M-450 tosylactivated Dynabeads were obtained uncoupled from 
Invitrogen. The beads were washed and magnetically captured in 0.1 M sodium phosphate in dH2O pH 
8.0 prior to a 24 hour incubation of the beads and a Sdc4 antibody created in the Olwin lab at 4°C. Beads 
were then washed and magnetically captured in 0.2M EDTA + 0.1% horse serum in 
Calcium/Magnesium-free PBS before being incubated for 24 hours at 20°C in 0.2M Tris + 0.1% Bovine 
Serum Albumin (BSA). Beads were then washed and magnetically captured before being stored at 4°C in 
in 0.2M EDTA + 0.1% horse serum in Calcium/Magnesium-free PBS. 
Magnetic bead sorting: SCs obtained via SC separation listed above were incubated with Sdc4 
coupled Dynabeads (40 ul beads : 650,000 cells) for 45 minutes at 4°C. Cells coupled to the beads were 
captured by binding beads to a magnet. Unbound material was collected for use as a control. Cells bound 
to beads were washed and magnetically captured 4 times. Cells were released from the beads by treating 
with 0.25% trypsin for 2 min and quenched with horse serum. Isolated SCs were pelleted via 
centrifugation and resuspended in F12C + 15% horse serum for PEG hydrogel or coverslip seeding.  
Hydrogel preparation: 
6% wt PEG hydrogel monomer solution was prepared by mixing PEG-tetranorborene  (20kDa, 4 
norborene / PEG) with tryptophan MMP peptide (1675 kDa, 2 thiol / peptide). 7.5 ul of monomer solution 
was pipetted onto 8 mm sigmacoated coverslips pre-treated with methacryloxy triethoxysilane. Monomer 
solution was topped with thiol functionalized 8 mm coverslips before being polymerized with 5 minutes 
of UV light. Polymerized gels were dried, pried apart, and soaked in PBS + 0.05% I2959 (photo initiator). 
Protein-coat solutions of laminin (entactin, collagen, laminin; Millipore), collagen 
(GIBCO/Invitrogen), or gelatin (Olwin lab) were incubated in 2M excess of trauts (a thiolation compound 
that reacts with primary amines) reagent for 1 hour, pipetted into wells containing hydrogels, coupled 
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with 365nm light for 3 minutes, and rinsed with and stored in PBS + penicillin / streptomysin. All 
hydrogels were rinsed with PBS prior to seeding. 
Immunostaining and scoring: 
The following primary antibodies were incubated with samples overnight at 4oC: anti-Pax7 
(DSHB; purified in Olwin lab), anti-SDC4 (created in the Olwin lab / Aves), and MyoD (Santa Cruz). 
After PBS washes, the following secondary antibodies were incubated with samples for one hour at 20oC: 
anti-mouse Fc (Alexa fluor), anti-rabbit Fc (Alexa fluor), and anti-chicken Fc (Alexa fluor). DAPI 
(Sigma; 1:500) was applied to samples for eight minutes before coverslips were sealed with MOWIOL 
(Olwin lab) or PEG hydrogels were stored in PBS. Samples were imaged via spinning disk confocal or 
confocal microscopy and imageJ was used to analyze images.  
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